Background and Objectives: Hiatal hernias are repaired laparoscopically with increasing use of reinforcement material. Both synthetic and biologically derived materials reduce the recurrence rate compared to primary crural repair. Synthetic mesh introduces complications, such as mesh erosion, fibrosis, and infection. Urinary bladder matrix (UBM) represents a biologically derived material for use in hiatal hernia repair reinforcement with the potential to improve durability of repair without incurring the risks of other reinforcement materials.
INTRODUCTION
Hiatal hernias remain a common disorder with progression to severe symptoms and disability in some cases. Most are managed nonoperatively, but some require surgery because of progressive symptoms of reflux, pain, hemorrhage, aspiration, and obstruction. Synthetic and biologically derived mesh reinforcement result in lower rates of hernia recurrence than native tissue repair alone. [1] [2] [3] [4] [5] [6] [7] Although there is no clear consensus, increasing concerns have been raised in the literature with respect to the complications of synthetic mesh repairs. 8 -11 Biologically derived materials, proposed as an alternative to minimize mesh-related complications of erosion and infection, are increasingly used for hiatal hernia repairs. [3] [4] [5] [6] [7] UBM consists of the epithelial basement membrane and lamina propria of the porcine urinary bladder. After decellularization, it retains biochemical diversity, an architecture that is similar to the normal tissue, and strong mechanical behavior. 12, 13 UBM has shown effectiveness in animal studies and human clinical use for management of complex wounds and reinforcement of surgically repaired soft tissue with connective tissue remodeling in anatomic settings as diverse as esophageal, urinary bladder, pelvic floor, body wall repair, and superficial wound-healing. 14 -18 Use of UBM in hiatal hernia repair has been documented, 7 but this paper represents the first series with follow-up to assess symptoms as well as radiographic durability over 3 years.
METHODS
Fifteen cases of hiatal hernia repair with fundoplication and UBM graft reinforcement were performed from Table  1 . Laparoscopic repair was performed in all 15 cases, using primary crural repair followed by UBM device placement (MatriStem Surgical Matrix PSM ; ACell, Inc., Columbia, Maryland, USA) and fundoplication. The cost of the graft was $1600. In each case, the gastric and omental contents were fully reduced, and 2-3 cm of distal esophagus was freed below the crura (Figures 1  and 2 ). The crural defect averaged 6 cm in diameter and after primary crural repair using 0-Ethibond sutures, the crural reinforcement was performed with a horseshoeshaped UBM 10 ϫ 15-cm xenograft reinforcement secured to the crura by absorbable sutures (Figure 3) . Fundoplication was then performed with either a complete or partial wrap, based on the patient's esophageal motility (Figure 4) .
After an average of more than 3 years, each patient provided gastroesophageal reflux-health-related quality of life (GERD-HRQL) score survey responses via telephone or in-person interview. 19 Nine of the patients underwent radiographic upper GI series (UGIS) examinations (Figures 5 and 6) . Six patients underwent esophagogastroduodenoscopy (EGD) or had records from EGD performed at outside facilities, including 2 of the 9 patients who had undergone UGIS.
RESULTS
Each repair was successful. The handling properties of the UBM material was favorable, including ease of insertion via a 12-mm trocar, maneuvering into position, and suturing to the crura. One patient experienced dysphagia after surgery that required endoscopic dilatation 4 weeks after repair and resolved. No other 
DISCUSSION
Hiatal hernia is a common problem that can result in significant symptoms and risk if untreated. A minority of such cases progresses to involve increasing pain, hemorrhage, or obstruction, and a few require emergency surgical repair. Recurrence of hiatal hernia is not uncommon. Short-term recurrence rates of 16.7 and 3.7% for suture repair and mesh repair, respectively, have been reported in a review of cases of hiatal hernia repair by Antoniou et al. 2 There is no consensus on a single best method for hiatal hernia repair. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] The cases presented in this series represent successful treatment of hiatal hernias with biologically derived graft reinforcement with UBM material, providing satisfactory repairs and durability beyond 3 years.
Repair of hiatal hernias with biologically derived mesh material has been shown to lower recurrence rates when compared to native tissue repair alone. 4 Reoperations and repairs of recurrent hiatal hernias are challenging cases with higher potential for complications. Some recurrences require emergency surgery, and a large review of the risks of morbidity, mortality, and recurrence after hiatal hernia repairs showed that emer- gency repairs are associated with higher postoperative complications and mortality risk. 20 Mesh erosion or infection remain as late complications in hiatal hernia repair with synthetic mesh, including polytetrafluoroethylene (PTFE). 6 Synthetic mesh repair has been found to offer superior rates of durability when compared to primary sutured repair, but has not been measured against biologically derived graft repairs. In a randomized, controlled, prospective trial comparing use of mesh with primary repair for hiatal hernia, use of mesh significantly reduced the rate of recurrent hernias over native tissue repair alone. 1 The durability of UBM has not been compared to synthetic mesh, so it is unknown whether a lower potential grafterosion risk and infection rate of the UBM would be realized and whether a corresponding higher rate of recurrence might result from the widespread use of UBM material to reinforce hiatal hernia repairs. UBM grafts handle favorably in the laparoscopic surgical environment and are easier to suture than some grafts. At a cost of $1600 per graft, the UBM devices cost considerably more than synthetic grafts and less than many comparable biological grafts, which range from $1400 to $3000 at our facility.
The rationale for using biologically derived materials for hiatal hernia repair 2-7 is the potentially lower rate of mesh erosion and mesh infection. [3] [4] [5] [6] [7] Few complications are believed to occur with biologically derived mesh repairs, although one complication of dysphagia and a sterile abscess was reported, related to biologically derived mesh, required surgery to resolve. 11 The UBM devices include an intact epithelial basement membrane on one surface and a lamina propria layer on the opposite surface; contain multiple types of carbohydrates, collagens, proteins, and other components; and are gradually resorbed after implantation. [12] [13] [14] [15] UBM has been shown to facilitate a constructive remodeling process in numerous areas of the body that reduces scarring and facilitates the restoration of normal site-appropriate tissue. [13] [14] [15] [16] [17] For these reasons, UBM material has been considered potentially advantageous in the reinforcement of the repair of large hiatal hernias.
CONCLUSIONS
At 3 years of follow-up after hiatal hernia repair with UBM reinforcement, were no recurrences, abscesses, stenoses, or erosions. Future investigation and longterm follow-up would determine which devices offer the most cost-effective hernia repair reinforcement that reduces the risk of erosion, stenosis, and graft infection while providing a durable repair. It is hoped that future studies will compare the advantages and cost effectiveness of a broadening array of reinforcement materials for hiatal hernia repair.
